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SYMMETRIC SCANNING TECHNIQUE FOR LASER ABLATION 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to the field of 
laser modification of target surfaces through ablation 
and methods for smoothing surfaces using lasers as well 
as targets modified by such ablative techniques. 

Background of the Invention 

The use of laser beams to modify surfaces is 
known* In the early 1980's, it was discovered that 
pulsed lasers emitting in the ultraviolet frequency 
range could affect a target surface through ablative 
photodecomposition (APD) . Later it was found that by 
using APD, layers of target material could be removed 
on the order of about one micron of target material per 
pulse. 

It was further noted that APD did not 
significantly alter the characteristics of the newly 
exposed material immediately below the ablated 
material. This phenomenon has been explained as being 
due to the UV laser providing enough energy in a short 
enough period of time to actually break the covalent 
bonds of the polymeric target materials without heating 
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the substrate. (See U.S. Patent Nos. 4,417,948 and 
4,568,632). Further scanning techniques using APD are 
disclosed in U.S. Patent No. 5,061,342. 

Upon further investigation, it was found that 
certain materials, when ablated, created varying 
amounts of debris, some of which was redeposited upon 
the surface of the target material. It was believed 
that this redeposited debris somehow frustrated efforts 
to predictably alter the ablated target surface. 
Further, it was found that certain materials could not 
be as cleanly etched as others. A method for ablating 
a target surface while also removing the deposited and 
adhered debris from the target surface was not known. 

SUMMARY OF THE INVENTION 

A novel method to ablate surfaces in a way that 
simultaneously clears away deposited debris and avoids 
subsequent debris accumulation has now been determined. 
To obtain a desired resulting surface on a selected 
target, the debris formed during the ablation process 
which becomes redeposited at, and adheres to the target 
surface must be removed from the target surface before 
the ablation process continues over the remainder of 
the target surface. 



V 
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In accordance with this invention, a method is 
disclosed for ablating a target surface comprising 
simultaneously directing a split pulsed beam of UV 
radiation at said target surface and moving the beams 
relative to each other and the target surface such that 
the entire target surface is scanned. 

In a further embodiment of the present invention 
is disclosed a method for photoablating a target 
surface comprising the steps of a) simultaneously 
directing a split beam of pulsed UV radiation at the 
portion of the target surface requiring the least 
amount of material removal and b) scanning the 
individual beams of the split beam in a direction away 
from each other and toward portions of the target 
surface requiring the greatest amount of material 
removal such that the entire target surface is scanned. 

In still a further embodiment of the present 
invention is disclosed a method for photoablating a 
target surface comprising the steps of: a) 
simultaneously directing a split beam of pulsed UV 
radiation at at least two opposing edges of the target 
surface; and b) scanning said beams in a direction 
toward and stopping at a bisecting line on the target 
surface such that the entire target surface is scanned. 
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Further, is disclosed a method for photoablating a 
target surface comprising the steps of: a) directing a 
ring-shaped beam of pulsed XJV radiation at the edges of 
the target surface; and b) progressively decreasing the 
beam radius thereby simultaneously scanning said beam 
in all directions toward and stopping at the . 
centerpoint of the target surface such that the entire 
target surface is scanned* 

It is further thought that the invention of the 
present application is especially useful for profiling, 
crosslinked, thermoset, thermoplastic or other 
materials including optically clear materials suitable 
for use as contact lenses. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure la depicts a cross-sectional view of a 
contact lens blank. The dotted line is an exaggeration 

of the desired final toric surface. 

> * 

Figure lb depicts a cross-sectional view of a 
contact lens blank. The dotted line is an exaggeration 
of the desired final convex surface. 
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Figure 2 is a schematic diagram depicting the 
novel simultaneous split beam scanning technique. 

Figure 3 is a perspective view depicting a 
representative experimental set up for the split beam 
scanning technique* 

Figure 4 is diagram showing a representative 
experimental set up for the ring-shaped beam scanning 
technique. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a new method of 
modifying optical surfaces to produce changes in their 
spherical, cylindrical or other refractive power, shape 
factor or other surface geometry. This new method is a 
modification of the procedures taught in U.S. Patent 
No. 5,061,342, the entire content of which is 
incorporated by reference herein. 

The method of the present invention employs DV 
radiation to ablate material from a target surface in 
order to produce a desired final surface on the target. 
Suitable target surfaces to be ablated include contact 
lenses, contact lens blanks, molds used to make contact 
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lenses, tools used to make such molds, and any means 
which either directly or indirectly imparts a desired 
predictable final spherical, cylindrical or other 
refractive power or geometric shape on an object, such 
as a contact lens* 

Varying amounts of material must often be removed 
from a target surface to produce a desired end result. 
For example, to produce toric surfaces on a contact 
lens, more material must be removed from the edges or 
periphery of the optical zone than from the central 
region of the optical zone. (See Figure la) . 
Therefore, to produce the toric surface, a significant 
amount of ablated debris is created at the periphery of 
the optical zone as compared to the debris created when 
the central region of the optical zone is scanned and 
its surface ablated. 

Toric contact lenses are understood to be lenses 
which correct the insufficient visual acuity caused by 
astigmatism. Such lenses have a cylindric component of 
refraction, which refract ivity is not constant in all 
planes passing through the optical axis, but has a 
maximum refractivity in one plane and a minimum 
refractivity in another plane perpendicular to the 
first plane. 
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Lenses with varying power can also be fashioned as 
shown in Figure lb wherein less material is removed at 
the periphery of the optical zone and more material is 
removed in the center of the optical zone. It is 
understood to the skilled practitioner in the field 
that surfaces of any configuration can be produced 
using the present invention and that the figures 
presented are for illustrative purposes only. 

It was discovered that when the laser beam begins 
its scan at the edge of a lens to produce toric 
surface r significant ablated debris was randomly 
redeposited on the surface of the lens. Some of the 
debris was redeposited on the lens target in the path 
of the laser beam scan. When this occurred, as the 
laser continued its scan, the first material 
encountered by the beam was not the original target 
surface, but was the redeposited and freshly adhered 
debris from the lens periphery. 

While the final surfaces created from the so 

V 

called edge-to-edge scans described in 5,061,342 were 
often an improvement over other known surface 
modification procedures, such as lathing, et al., it 
was believed that the redeposited debris hindered the 
best results possible. 
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Therefore, in accordance with the present 
invention, it is now thought that to create the most 
efficient result on a target surface, the laser beam 
scan is initiated at or near the point at which the 
least amount of material is to be removed to create the 
final surface. In the case of the toric surface, the 
least amount of material is removed near the center of 
the optical zone. (See Fig. la). 

Therefore, as contemplated by the present 
invention. Figs. 2 and 3 show a raw laser beam (1) 
emitted from an excimer laser (2) . The raw beam is 
directed to a beam splitting prismatic lens (3) and may 
have two beams generated (4 and 5) • The two beams are 
then directed to curved secondary mirrors (6 and 7) 
which in turn direct the beams to the target surface 
(8) • In one embodiment of the present invention the 
scanning mirrors (6 and 7) are controlled by a computer 
means (not shown) to simultaneously affect the beams 
such that the beams simultaneously move across, and 
scan the surface of the target. In one embodiment 
suited to the modification or creation of a toric 
surface, the beams initially converge at a bisecting 
line (9) on the target surface and are simultaneously 
scanned in a direction away from each other toward 
opposing edges (10 and 11) of the target surface 
effecting a complete scan of the entire target surface. 
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In a further embodiment, when it is desirable to 
remove more material from the center of the optical 
zone, the beams are initially directed at opposing 
edges of the target surface, for example positions 10 
and 11, and are simultaneously moved toward each other 
until the two beams converge at a bisecting line on the 
target surface effecting a complete scan of the entire 
target surface. (See Pig. lb) . 

In a further embodiment, Fig. 4 shows a ringshaped 
beam capable of expanding and contracting which may be 
used to simultaneously scan multiple regions of the 
target surface. Figure 5 depicts such a system 
especially useful for modifying or creating toric 
surfaces where, in one embodiment, the raw beam (12) 
from an excimer laser (13) may be directed to a conical 
mirror (14) or other mirror capable of producing a 
ring-shaped beam (15) which is then directed to an 
annulus secondary mirror (16) . The ring-shaped beam is 
then directed by the secondary mirror to the target 
surface (17) . The diameter of the beam may be 
progressively increased or decreased by moving the 
conical mirror relative to the secondary annulus 
mirror. In one embodiment, the ring-shaped beam may 

* 

* 

then be directed in its smallest diameter, approaching 
a point, to the centerpoint (18) of the target surface 
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and is expanded outwardly , simultaneous extending 
toward the outermost perimeter of the target surface 
such that the entire target surface is scanned. 

In a further embodiment where more material is to 
be removed from the central region of the target than 
from the periphery, the diameter of the ring-shaped 
beam may be initially set to match the diameter of the 
outermost perimeter of the target surface. The 
movement of the conical mirror relative to the 
secondary annulus mirror then contracts the diameter of 
the ring-shaped beam resulting in the simultaneous 
scanning of many points across the target surface such 
that the beam converges to a minimum diameter at the 
centerpoint of the target surface and the entire target 
surface is scanned. 

As will be understood by those skilled 
practitioners in the art, many known reflective 
(mirrors) or refractive (lenses) optics systems may be 
used to produce the split beam or ring-shaped beams 
disclosed herein. The disclosed embodiments are for 
illustrative purposes only. 

Therefore, to achieve the improved ablation 
results in accordance with this invention, the beam may 
be scanned in a direction proceeding from the center 
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simultaneously outward toward opposing edges of the 
target surface, or from opposing edges simultaneously 
inward toward a centerpoint or diameter, depending only 
upon what final results are desired in view of the 
condition of the initial target surface as already 
described. It is understood that variations of the 
present invention may toe achieved where intricate or 
complicated surface configurations are desired. 

It is understood that a bisecting line on the 
target surface is a line extending across the center of 
the target surface. (The target surface need not be 
circular or spherical in shape.) 

The laser energy applied to a target per unit area 
is known as the fluence, which for UV radiation is 
often expressed in terms of mill i joules per square 
centimeter (mJ/cm 2 ) • The fluence range of the laser 
scanned in accordance with the present invention is 
preferably from about 20 to about 5000 mJ/cm 2 , is more 
preferably from about 500 to about 2000 mJ/cm 2 , and is 
most preferably from about 750 to about 1500 mJ/cm 2 . 

A w cross 1 inked H polymeric material is understood 
to describe any polymeric material which has any 
attachment of two chains of its polymer molecules by 



bridges comprised of either an element, a group, or a 
compounds known as crossl inking agents. 

The term "thermoset" refers to a polymeric 
materials which solidify or "set" irreversibly when 
heated. By contrast, a "thermoplastic" material is 
understood to refer to a polymer which softens when 
exposed to heat and is able to return to its original 
condition. 

While the present invention is well suited for the 
modification of contact lenses, the modification of 
contact lens buttons, blanks and molds, as well as the 
tools used to make the blanks, molds and the contact 
lenses by the present invention is also contemplated. 
Indeed any means for imparting optical properties to a 
target surface may be modified by the present 
invention. The surface modification through laser 
scanning of such tools used to make the molds which, in 
turn, are used to make the contact lens, for example, 
in a cast molding procedure is disclosed in a 
concurrently filed and commonly assigned U.S. Patent 
Application identified as Attorney Docket No. P00995. 

The present invention is further thought to be 
useful for other laser scanning applications such as 
corneal sculpting and other procedures where ablation 
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debris could conceivably be an obstacle to achieving 
better target surface quality after scanning. 

Many other modifications and variations of the 
present invention are possible to the skilled 
practitioner in the field in light of the teachings 
herein. It is therefore understood that, within the 
scope of the claims, the present invention can be 
practiced other than as herein specifically described. 



WO M/07639 



14 



PCT/US93/06256 



I Claim: 

1. A method for ablating a target surface and 
reducing ablation debris accumulation comprising 
simultaneously directing a split pulsed beam of UV 
radiation at said target surface and moving the beams 
relative to each other and the target surface such that 
the entire target surface is scanned. 

2. A method for photoablating a target surface 
comprising the steps of a) simultaneously directing a 
split beam of pulsed UV radiation at the portion of the 
target surface requiring the least amount of material 
removal; and b) scanning the individual beams of the 
split beam in a direction away from each other and 
toward portions of the target surface requiring the 
greatest amount of material removal such that the 
entire target surface is scanned. 

3. The method of Claim 1 wherein said beam of pulsed 
UV radiation is emitted from an excimer laser. 

4. The method of Claim 1 wherein said target surface 
is comprised of a crossl inked polymeric material. 

5. The method of Claim 1 wherein said target is a 
thermoset material. 
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6. The method of Claim 1 wherein said target is a 
thermoplastic material. 

7. The method of Claim 1 wherein the fluence of said 
beam of UV radiation is from about 20 mJ/cm 2 to about 
5000 mJ/cm 2 . 

8. The method of Claim 1 wherein said target is a 
contact lens. 

9. The method of Claim 2 wherein said target is a 
contact lens. 

10. The method of Claim 2 wherein said target is a 
corneal surface. 

11. A method for photoablating a target surface 
comprising the steps of: a) simultaneously directing at 
least two beams of pulsed UV radiation at the edges of 
the target surface; and b) simultaneously scanning said 
beams in a direction toward and stopping at a bisecting 
line on the target surface such that the entire target 
surface is scanned. 

12. The method of Claim 11 wherein said target surface 
is a contact lens. 
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13. A method for photoablating a target surface 
comprising the steps of: a) directing a ring-shaped 
beam of pulsed UV radiation at the centerpoint of the 
target surface; and b) progressively increasing the 
radius of the beam thereby simultaneously scanning said 
beam in all directions away from said centerpoint to 
all edges of the target surface such that the entire 
target surface is scanned. 

14. The method of Claim 13 wherein said target surface 
is a contact lens. 

15. A method for photoablating a target surface 
comprising the steps of: a) directing a ring-shaped 
beam of pulsed UV radiation at the edges of the target 
surface; and b) progressively decreasing the beam 
radius thereby simultaneously scanning said beam in all 
directions toward and stopping at the centerpoint of 
the target surface such that the entire target surface 
is scanned. 

16. The method of Claim 15 wherein said target surface 

is a contact lens. 

r 
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17. The target surface of Claim 11 wherein said target 
is an element capable of imparting optical properties 
or surface geometries on another surface. 

18. The target surface of Claim 13 wherein said target 
is an element capable of imparting optical properties 
or surface geometries on another surface. 

19. The target surface of Claim 15 wherein said target 
is an element capable of imparting optical properties 
or surface geometries on another surface* 
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FIG. la FIG. lb 
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